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×NO*KÚKÛ$QRÛhØXÛ××Ûh×UZLn×iÛ×NKED QVL²×OÉ×UNAi×9#NDÝh×$Û Q DPD4Ú"L Qc4ÚN
ÊY{KÖS{Ki¶{FDGFHK1xNTS w <{@{KLµJK1S{KIH>AFGNT<JS
NQDFG< w IHK1>FHKÌD w >AMT>JI.>AIHNQ>A·{MTK1D
FH<IHK1x{MQ> w K¦FGKPyx<?IH>JIG¸ >AI|IH>§¸ÚIGKr~K1IHK1S w K¦FG<x9K1IG~<JI|PÒ@U>AFH>¦IHK1zDGKJ½ÌS >AxUxIG<?> w ­<~IGK1µANQDGFHK1I}>AMOMT<B
w >FGNT<JS ~<JIyD|zU·UD w IHNTx{FHK1@ .>AIHNT>J·{MOKDR¿;>JDR@UK\AK1MO<?xK@´·?¸];>AMOMQ>AU>JS»6+*#0'*1  Û AÝc½ÊY{NQD;>AxUxUIH<J> w R¿{N w yNQD;zUDGK@
NQS<?zUI;FGK w S{NHCz{KJ·9KrµANQSUDY·?¸ w >M w z{MQ>FHNTSUµRF|{K}SCzUPo·9K1I<A~
D w >AMT>JIv§>JIGNQ>A·UMOKr©HCS{KrK@{K1@yFH<o{<AMQ@yK1> w {§>JIGNQ>A·UMOKµJK1SCBKIH>AFGK1@ ·?¸ FHK1Pyx<?IH>JIG¸ >AI|I|>§¸IHKi~K1IHK1S w KÎ»©|Û JÝcÌ¿{N w 
>JDHDH< w NQ>FGKD¿YNOF|ÑFH{K^PR>¶{NTP^zUP @UK1x9K1SU@{KS w K^@{NTDHFH>JS w K
c¢CmN8½ KA½Tr© Õ Py>¶ac@99m ¾A½ 9<JI
Kr¶U>APyx{MTK¦NTS NTµBzUIHKkÅ{)K.t{F|{KFGK1Pyx9<JI|>AIH¸>AI|IH>§¸yIHKi~K1IHK1S w KÖÎ?Û JÝ=S{K1K1@UD




A[I] = A[I] + A[I-2] 




T3[I] = T1[I] + T2[I]
A[I] = T3[I]












































R11 = R20 + R12






R22 = R12 + R20
R12 = R21 + R10
R10 = R22 + R11







R20 = R10 + R21




R10 = R22 + R11
R21 = A[2]
R11 = A[1] ;
;
;
(b) Code with Temporaries
DO I = 3, N
T3[I] = T5[I-1] + T3[I-2]
A[I] = T3[I]
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qS FH>J·{MTKÅ{$¿K'µANAKF|{KÑ@{¸{SU>APRN w'w <JzUS?Fo<A~LMT<J>A@D·9Ki~<?IGK^>ASU@>~FGK1IL<Jx{FHNTPRN1>AFGNT<JS»+¿{K1IHK NTDLFG<JFH>M
SCzUP^·KI<A~UMO<?>A@UD1>JSU@ÚNQDvx9K1I w KS?FH>µJK<~UK1MONQPRNTSU>AFGNT<JS»½9<JI w <?PRx>AIHNTS{µ­<JzUIRPRKrF|{<{@ Í$:É LÉed 8Í$MTNTPRNQSU>FHNO<?S<A~:=<?>A@!>AS@É?FG<?IGK!;Kr~<JIHKÉ?<A~FE¿;>JIGK9dNTx9KrMTNQS{K§}¿YNOF|
Û "1ÝY¿K­@{K  SUK1@ FHUKDH>JPRKNOFHK1I|>FGNT<JS SCzUP^·KIHD1½ ÊYUK
SCzUP^·KIY<~MT<J>J@UD@Uz{KoFG<>JIHI|>§¸IGKr~K1IHK1S w K1DY¿>ADL@{KrFHK1IGB
PRNQS{K1@·?¸!Ki¶U>APRNQS{NTSUµ­F|{K>JDHDHK1P^·{MT¸ w <{@{K'<?z{FHxz{Fy<~
F|{K w <JPyx{NTMTK1I1½NJK^FHK1DHFÌ<?S{MT¸ÑDH<JPRKRS?zPo·9K1IÖ<~:vNJK1IGBPR<?IGKYMT<C<JxUD1½0G­>AS?¸oMT<C<JxUD@UNT@SU<AF w <?S?FH>NQSy<Jxx<?IGF|zUS{NOB
FHNOKD~<JIx{NQxK1MONQS{NQS{µy<JI w <?SJF|>NQS
NQSUS{K1IGBMO<C<Jx w <?SU@{NTFGNT<JSU>AM
w <JS?FHIH<AM>M<.¿ ¿{N w ¿;KÑ@U<S{<JF
U>ASU@UMOKJ½ ÌDy¿K w >ASDHKrKJJ<?zUIPRKrF|{<{@UD w >ASyK1MONQPRNTS>FGKÌFH{KÖDH>JPRKLSCzUPo·9K1I$<~
MT<J>J@UD}>JD#<{@{N%$ DoPRKrF|{<{@»½&Yz{F}NTFoNQDRP^<?IGK
K('+K w FHNJKF|U>AS^<AF|{K1IPRK1FH{<{@UD~<?INTPyxUIH<"CNTSUµÌF|{KxKIq~<?IHPy>JS w KJ½
Í$¶{NTDHFGNQS{µPRKrF|{<{@UDÖKrMTNTPRNQSU>FHKR>AMOMIHK1@UzUS@U>AS?FLMT<J>J@<Jx{B
KIH>AFGNT<JSUD1C·Uz{FNTS?F|IG<{@Uz w KÖD|{NO~F<Jx9K1I|>FGNT<JSDFH<{AKrKxFHUK.>AMTz{K^~<JIIHK1zUDHKA½^ÖSFH{K w <JS?FHI|>AIH¸A+<JzUIPRKrF|{<{@  I|DHF
K1MONQPRNTS>FGKDIHK1@UzUS@U>AS?F
MT<J>A@Dr;FH{KS ¿K­zUDGK¦DH<~FE¿>AIHK
xUNTx9KrMTNTSUNTS{µkFH<µAK1SUK1I|>FGK>x{NQxK1MONQS{NQS{µ}D w UK1@Uz{MTKY>ASU@RzUSCBIH<AMTMYFHUKÑxUNTx9KrMTNTSUK1@RKIHSUKrMYMT<?<?x»½ ÊY{K1IHKi~<?IGKÑS{<!D|{NÇ~F
<?xKIH>AFGNT<JSUD>JIGKkS{K1K1@{K@»½3NTµJzIGK ¼Uc>?­DHU<.¿DºFH{K x9K1IG~<JI|PR>JS w KD<~ÑFGK1DHFGK@
MT<C<JxUD1½ Í;> w  MO<C<JxÀNQD w <JPyx{NTMTK1@ >ASU@ Ki¶{K w z{FGK@À>AF'B
ÅÖ<?x{FGNQPRN>FHNO<?S^MTK\JKrM9<~-<JIHFHI|>AS w <JPyx{NTMOKI<JS   MOF|IH>BÉ6dË_] xIG< w KDHDH<JI1½ÊY{K}x9K1IG~<JI|Py>AS w KÖNQDIHK1xUIHK1DHK1S?FHK1@
·?¸ FHUK­Kr¶CK w z{FHNO<?S FHNTPRKA½ NTµJzUIHK­¼8·9xUIHK1DHK1S?FHD'FHUK
Kr¶{K w zUFGNT<JSFGNQPRK´<A~MO<C<Jx9Å¼ <JSÖÍ ]$BEMQxUU> xUIG< w K1DGBDH<JI~<JI$@UN)'aK1IHK1S?F$MT<C<Jx
D w {K1@z{MONQS{µo>JSU@ w <{@{KÌ<Jx{FHNTPRN1>B
FHNO<?S>JxUxUIH<J> w {K1D1½X+IG<?PMOKr~FFG<!IHNOµ??Fr$F|{K w <?S?FGNQS?z{B<?zUD·U>JIHDIHK1xUIHK1DHK1S?F3FH{KYKr¶{K w zUFGNT<JSRFGNQPRKY<~»DG<?zUI w K;xIG<AB
µ?IH>JP*<{@{Ny*$ DPRKrFHU<C@DG<A~FE¿;>JIGKRx{NTx9KrMTNQS{KRUK1zUIHNTDHFGN w 
Í:ÉCÉed i {KzUIGNQDHFGN w >ASU@ÚÍ$:É LÉed {K1zIGNQDGFHN w ½ JK
+-,/.)0)120)3547680)9:3;9(<>=*9?4:@A43 @;BC6D9:E8FHGI<J6DFKELBM9<N6POQ4E8F
4
w >JSDHKrKyF|U>FÍ$:É LÉed {K1zIGNQDGFHN w IHK1@Uz w K1DF|{KyKi¶{K w zCB
FGNT<JS FHNTPRKºDGNTµJSUN  w >AS?FGMT¸A½ ]<?PyxU>AIHNTSUµ FH{K­Ki¶{K w z{FGNT<JSFGNQPRKk<~=<JFH{KIYP^K1FH{<{@UD1{<JSBqÅo<JIBGÖ¼}<?x{FGNQPRN>FGNT<JS
MOKlAK1M<~ <?IGF|IH>JS w <JPyx{MTNOKIrvNTPyx{MTK1PRK1S?F|>FGNT<JS<A~;Í:ÉJB
LÉed w >JS<J·{F|>NQS·9K1DHFLNQPyxUIH<"AK1PRKSJF<A~x9K1IG~<JI|Py>AS w KA½qSyFH{NQDKr¶{>JPyx{MOKJAÍ:É LÉed!{KzUIGNQDHFGN wYw >ASRNQPyxUIG<"JKF|{K
xKIq~<?IHPy>JS w KFHNOMTMÌ¼ q  ½ ÊY{KDGK¦IHK1D|z{MTFHDxUIHK1DHK1S?F
F|U>F




















































(b) Performance for loop23
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